During operative treatment for ovarian tumours assistance is frequently required to make decisions regarding malignancy status and the extent of the ensuing procedure. Intra-operative frozen section analysis may be useful, provided there is adequate acquaintance with the correlation between using frozen sections and permanent histopathological sections for diagnosis at the institution where the operation is being undertaken. This retrospective study aimed to determine this correlation. Findings from 131 intraoperative frozen sections were compared with the subsequent diagnosis from permanent histopathological sections for women with benign, borderline and malignant ovarian tumours at the Maribor Teaching Hospital (now the University Clinical Centre Maribor) between 1 January 1993 and 31 December 2001. Frozen-section findings corresponded to histopathological findings in 84.7% of cases, with 15.3% falsenegative and no false-positive results. For benign, borderline and malignant ovarian tumours, sensitivity was 100.0%, 76.1% and 89.0%, respectively, and specificity was 90.6%, 90.6% and 100.0%, respectively. The majority of errors occurred in diagnosing mucinous borderline tumours. Precise preoperative diagnosis is extremely important in the treatment of ovarian tumours.
Introduction
In the operative treatment of ovarian tumours a state is frequently encountered that cannot be reliably defined as either benign or malignant, despite pre-operative investigations. In such cases intra-operative frozen section analysis can help in decisionmaking on the extent of the operative procedure required. The frozen section technique is used in the preparation of tissue for microscopic study. Tissue obtained from a surgical specimen is frozen in a cryostat machine and then cut with a microtome. Slices of 7 -8 µm are obtained and stained with various dyes (usually haematoxylin and eosin). Using this method, a specimen can be ready for examination under the microscope within 10 min, 1, 2 which means that it can take only about 20 min from receiving a tissue to making a diagnosis. The beginning of this new era in intra-operative diagnosis began with a publication by Louis B Wilson, MD, at the Mayo Clinic in 1905. 3 
Patients and methods

SOURCE OF DATA
In this retrospective study, data were analysed from intra-operative frozen section diagnoses B Gorišek, M Rebolj Stare, I Krajnc Frozen section analysis of ovarian tumours and permanent histopathological diagnoses for women treated for benign, borderline and malignant ovarian tumours at the Maribor Teaching Hospital (now the University Clinical Centre Maribor), Department of Gynaecologic Oncology between 1 January 1993 and 31 December 2001.
After tumour removal, the fresh surgical specimen was immediately taken to the Department of Pathologic Morphology at the Maribor Teaching Hospital (now the University Clinical Centre Maribor). A pathologist prepared specimens from representative regions, froze them in a cryostat and cut slices with a microtome. The slices were mounted on a glass slide, stained with haematoxylin and eosin, and were then ready for microscopic evaluation. Permanent histopathological sections were obtained from a paraffin block containing fixed tissue specimens taken from the tumours, and these were considered to provide an accurate diagnosis.
DATA ANALYSIS
Sensitivity, specificity, positive predictive value and negative predictive value were calculated by the formulae detailed in Table 1 .
Results
Intra-operative frozen section analysis was carried out for 131 women treated at the Maribor Teaching Hospital (now the University Clinical Centre Maribor), Department of Gynaecologic Oncology, between 1 January 1993 and 31 December 2001 for benign, borderline and malignant tumours (69.1% of all patients with borderline ovarian tumour). The frozen section findings were compared with the diagnoses made from permanent histopathological sections of fixed tissue specimens in paraffin blocks. For 111 tumours (84.7%) the results were in agreement. There were no false-positive results for frozen sections, but there were 20 (15.3%) false-negative results.
The tumours examined were of different histological types: 94 were serous, 13 mucinous, 13 endometrioid, two metastatic, and nine of other histological types (four granulosa cellular, one Sertoli-Leydig, one mixed epithelial, one teratoma, one sarcoma and one clear cell). Table 2 compares the diagnosis results from frozen section and permanent histopathological sections in benign, borderline and malignant ovarian tumours. In cases where the frozen section results pointed to a benign ovarian change, the histopathological findings matched these in 20.0% (3/15) while 80.0% (12/15) were falsenegative (91.7% [11/12] Malignant ovarian cancer diagnosed by frozen section analysis was confirmed by permanent histopathological investigations in all cases. There were no false-positive findings.
The results of frozen section analysis corresponded with the permanent histopathological findings in 85.1% (80/94) of serous tumours, in 76.9% (10/13) of mucinous tumours, in 100.0% (13/13) of endometrioid tumours, in 100.0% (2/2) of metastatic tumours and in 66.7% of (6/9) tumours of other histological types. Table 3 shows the sensitivity, specificity, positive predictive value and negative predictive value for frozen sections in benign, borderline and malignant ovarian tumours.
Discussion
Precise intra-operative histological analysis of ovarian masses is of key importance in the selection of the most suitable operative 
TABLE 3: Sensitivity, specificity, positive predictive values and negative predictive values for intraoperative frozen section diagnoses for women (n = 131) with ovarian tumours treated at the Maribor Teaching Hospital, Department of Gynaecologic Oncology between 1 January 1993 and 31 December 2001
B Gorišek, M Rebolj Stare, I Krajnc Frozen section analysis of ovarian tumours procedure. It allows the operation to be performed to an appropriate extent, avoiding under-or over-treatment. Every surgeon should be acquainted with the correlation of frozen and permanent histopathological diagnoses at their institution if they are to use frozen sections as the basis for their decisions regarding surgical staging during primary surgery. 4 To determine this correlation for our institution, the Maribor Teaching Hospital (now the University Clinical Centre Maribor), a retrospective analysis was carried out of all frozen sections performed for ovarian tumours in the period 1993 -2001. Diagnosis from intra-operative frozen sections agreed with their corresponding permanent histopathological findings in 84.7% (111/131) of cases. This is in agreement with published percentages of matching frozen section and permanent histopathological findings, which differ between centres and range from 60% to 92%. 1, 5, 6 The present study did not have any falsepositive frozen sections results, which is better than has been reported previously (2.2% -10.7%). 5, 6 In 15.3% (20/131) of cases the frozen section results were false-negative; values ranging from 5.4% to 29.3% have been reported in the literature. 5, 6 In frozen sections there is generally a high degree of sensitivity and specificity in diagnosing benign and malignant tumours; 98% -99% sensitivity for benign and 88.7% for malignant tumours has been reported. 5 -7 In 2005, a meta-analysis of 18 studies on the correlation of frozen sections with histopathological findings was published, in which a sensitivity of 65% -97% was established for benign and 71% -100% for malignant ovarian tumours. 8 Specificity was 97% -100% for benign and 98.3% -100% for malignant tumours. 8 The results of the present study are similar, only the specificity for benign tumours is lower (90.6%). In cases where the frozen section findings pointed to benign changes of the ovary, the histological findings corresponded in 20.0% of cases and were false-negative in 80.0% (91.7% (11/12) on account of borderline ovarian tumours and 8.3% (1/12) on account of malignant ovarian cancer).
The frozen section findings in borderline ovarian tumours, as compared with benign and malignant tumours, had a lower sensitivity, a specificity that was the same as for benign tumours but lower than for malignant tumours, a positive predictive value that was higher than for benign tumours but lower than for malignant tumours, and a negative predictive value that was lower than for benign tumours but higher than for malignant tumours. In the present study, the sensitivity and specificity for accurate diagnosis of borderline ovarian tumours from frozen sections were 76.1% and 90.6%, respectively, compared with 86.95% and 57.14%, respectively, from a previous study. 9 Overall, the sensitivity of frozen sections for accurate diagnosis of borderline ovarian tumours has been reported as lower (44% -64%) than in the present study. 1,5 -7 The positive predictive value in a previously published study was also lower (62.5%) 5 than was found in the present study (81.4%). Eight of 43 tumours (18.6%) identified from intra-operative frozen sections as borderline, were diagnosed by permanent histopathology as malignant, which is comparable with those in the literature (6% -29% of cases). 4, 5, 10, 11 The main diagnostic problem is presented by mucinous tumours, which are generally large and of heterogenous histology, and in which the greatest number of errors (23.1% [3/13] [14/94] false negatives) in interpreting the findings occurred for small serous tumours, which accords with previously published data. 5 False interpretation of intra-operative frozen section arises mainly due to errors in tissue sampling (51.2%) rather than errors in interpretation (44.2%) or microscopic sampling (9.3%) and technical problems (2.3%). 5 Misdiagnosis can be the result of insufficient communication between clinician and pathologist, poor specimen quality, false interpretation, or inexperience of the pathologist. 5, 7 It occurs most frequently in large bilateral tumours that have spread outside the fallopian tube and are mucinous. 6 To avoid errors due to tissue sampling, one tissue block per 1 cm of the largest tumour diameter should be cut. 7 It would also be appropriate to revisit frozen section errors in an effort to improve diagnosis.
On account of the large percentage of false-negative findings from intra-operative frozen sections, it is essential to be acquainted with the risk of malignancy prior to surgery. Besides clinical examination and determination of serum CA125 levels, ultrasound examination can be of great help in making a pre-operative diagnosis. 12 -15 In conclusion, intra-operative consultation should be requested only if the results may affect the immediate management of the patient. It is essential that the surgeon is aware of the use and limitations of intra-operative consultation. Advantages of frozen sections are that, with the determination of tissue as malignant or benign, a surgeon can perform an exact operation to remove the mass at that time if malignant or to end the procedure if benign. Analysis of intra-operative frozen sections can also ensure that the entire mass and its surrounding borders are removed, as intended.
